INTRODUCTION
The effects of frequent semen collection have been intensively studied in the dairy bull because of the economic importance of artificial insemination in dairy cattle and because of the value of semen from sires of great genetic merit. Attempts have been made to collect semen from bulls at more frequent intervals (Frederick, 1957; Hupp, Austin, Parish & Murphree, 1962) , to obtain several ejaculates at each collection time (Hafs, Hoyt & Bratton, 1959; Dukelow, Frederick & Graham, 1960; Hupp et al., 1962) , and to get more spermatozoa per ejaculate by the use of intensive sexual preparation (Collines, Bratton & Henderson, 1951; Branton, D'Arensbourg & Johnston, 1952; Hafs & Knisely, 1960; Hafs, Knisely & Desjardins, 1962) . Almquist, 1960;  Almquist, Amann & Haie, 1961; Amann, 1961; which makes a major contribution to our understanding of daily sperm production (dsp) in the bull. The review of Hale & Almquist (1960) and the thesis by Amann (1961) set forth many new data and provocative hypotheses on spermatogenesis, dsp, the extra-gonadal sperm reserve, résorption of spermatozoa, and daily sperm output (dso) in the bull, dsp is defined as the "total number of spermatozoa produced per day by the two testes" and dso is defined as the "total number of spermatozoa collected under defined conditions over a period of days, divided by the number of days". These workers suggest that if semen is collected from bulls sufficiently fre¬ quently, dso will begin to approximate dsp (less daily sperm résorption) and that dso may be used to estimate dsp. Three practical approaches to the measurement of dsp have been suggested. Ortavant (1952, 1959) minus- where Q,i is the sperm reserve in the cauda epididymides at the start of the experiment and Qj¿ is the reserve at the end of the experiment. This equation was an attempt to correct for the influence of the sperm reserve in the epidi¬ dymides during the test period ; Q,i was estimated and Qj, was based on actual epididymal sperm counts made when the rams were killed at the end of the experiment.
VanDemark (1956) and Boyd & VanDemark (1957) proffered a method for estimating the spermatogenic capacity of bulls based on a series of partial exhaustions (ten consecutive ejaculates within 90 min) at 1-, 4-and 7-day intervals. From the differences in sperm number produced by partial exhaustion at the different intervals, they were able to estimate dsp. These methods are impractical for studies with men.
Almquist & Hale (1956) have suggested that, in the dairy bull, the require¬ ments of Ortavant's formula for calculating dsp may be met by thoroughly depleting the extra-gonadal sperm reserve (collecting ten ejaculates a day for 3 days) and then collecting spermatozoa daily, as rapidly as they are produced, for at least 1 week. Alternatively, they suggest that depletion of the extra-gona¬ dal sperm reserve may be accomplished by removing large numbers of sperm¬ atozoa daily for 1 week. When the extra-gonadal sperm reserve is thoroughly depleted before daily collection begins, Qji in Ortavant's formula becomes approximately equal to Qj., and dso may be used to estimate dsp. This method does not involve killing the animal and avoids the build-up of sperm reserves which is a problem when bulls are partially exhausted at 7-day intervals. This method seems practical for use in studies with men if the preliminary depletion period is extended from 3 to 10 days and the number of specimens collected per day is lowered from ten to two or three.
A previous study in this laboratory (Freund, 1962) has demonstrated marked differences in the effects of increasing the frequency of emission on semen pro¬ duction in man as compared to the bull. Hafs et al. (1959) found that bulls which ejaculated once a day produced 1-9 times as many spermatozoa per week as did other bulls from which spermatozoa were collected once a week. Dukelow, Frederick & Graham (1960) (Freund, 1962 (Freund, 1962) The increase in emissions from 3-2 per week during control period 1 to 16-9 per week during the depletion period resulted in a decline of 64% in average sperm concentration per millilitre, 47 % in average specimen volume, and 84% in average sperm concentration per specimen (Table 2 ). These marked decreases in sperm numbers and specimen volumes were uniform and typical of all the donors. A careful examination of the day-to-day records during the depletion period indicates that there was no steady and uniform decrease in sperm numbers and specimen volumes from Day 1 to Day 10. On the contrary, sperm numbers and specimen volumes reached their low points for the 10-day depletion period during the 2nd day and remained low thereafter. These data confirm the previous report (Freund, 1962) that the sperm reserve in man is small compared to the bull, and that this reserve may readily be depleted by an increase in emission frequency.
There was no apparent or uniform effect of the large increase in emission frequency during the depletion period, on the motility or forward progression of the spermatozoa (Table 3 ). The total number of spermatozoa and the num¬ ber of motile spermatozoa produced per week did not increase when emission frequency rose from 3-2 per week during control period 1 to 16-9 per week during the depletion period (Table 4 ). In spite of the very great increase (185%) in the volume of semen produced per week at the higher frequency, there was no consistent increase in sperm number per week ; three of the donors showing an increase and three a decrease (Table 4) . These data support the earlier finding (Freund, 1962) that when emission frequency was increased from 3-5 per week to 8-6 per week, there was actually a decrease in the total number of spermatozoa and in the number of motile spermatozoa produced per week, even though the volume of semen per week increased markedly.
There was no change in the outside emission frequency during the dso period as compared to control period 1 (Table 1) variability. The large day-to-day variation in sperm output is apparent and the possible physiological mechanisms involved will be considered in the Discussion.
The most striking fact apparent during the 104-day recovery period, after the completion of dso, and during the subsequent 52-day control period 2, was that sperm concentration per millilitre and per specimen ( (Freund, 1962) Murphy, 1962) ; a practice which further confounds the data since it causes an increase in the size of the extra-gonadal sperm reserve. Then the donor is treated for a variable period of time with the drug or hormone being tested. After another variable period of time, after treatment, he is requested to bring in one or more specimens and the data collected from the examination of these specimens are studied for treatment effects. This type of study cannot determine the effect of the treatment on spermatogenesis since the greatest part of the variation in the total number of spermatozoa seen in each of the specimens reflects variation in the extra-gonadal reserve, rather than in spermatogenesis.
The number of spermatozoa available for ejaculation in the extra-gonadal reserve is the result of the interaction of (1) Therefore, an alternative experimental design is suggested for this type of study which would not require such extended periods of dso and which would yield useful estimates of the data which could be derived from the more critical approach. The data in this study have shown that the collection of three speci¬ mens per day for 3 consecutive days would result in an adequate depletion of the extra-gonadal sperm reserve. These data also indicate that one specimen each day for 5 days would provide a useful estimate of dso. There is no indication from these data that the problem of change in the rate of sperm résorption in the epididymides, which The wide day-to-day variability in sperm number in specimens from the same man, when the donors were on dso after a 10-day period of depletion of extra-gonadal sperm reserves, requires analysis. A large part of the variability found in a previous study (Freund, 1962) occurred because the sperm reserve had not been depleted prior to the collection of daily specimens. An examina¬ tion of the data in this study (Text- fig. 1 ), where the sperm reserve was depleted, demonstrates considerable day-to-day variation in dso.
One may consider that variation in dso is (1) the result of some as yet unidentified cycle (diurnal or periodic), (2) due to variability in the extent and/or completeness of emptying of the contents of the ampullae, vasa deferentia, and cauda epididymides, (3) accurately reflects a similar variation in dsp, i.e. in spermatogenesis itself, or (4) the product of variation in sperm résorption in the epididymides. Doggett has claimed that there exist regular periods in sperm output in both rabbit (1956) and man (1962) with peaks of sperm concentration appear¬ ing regularly at 3-to 4-day intervals and that the day-to-day variation in sperm output is due to this periodicity. She has published graphs which purport to demonstrate these cycles. However, in her studies, extra-gonadal sperm re¬ serves were not depleted and so her data cannot be considered to be a reflection of dsp by the testes. Furthermore, a serious systematic error has been introduced into the rabbit data by improperly plotting all semen characteristics as zero when the animal failed to produce a specimen. This is exemplified in Fig. 1 of her report (Doggett, 1956) where 7 out of a total of 44 points are zeros which were arbitrarily inserted into the data when there was a failure to collect a specimen on each of those 7 days. These inserted zeros are not a re¬ flection of'no sperm output' but rather of failure of the method of semen collec¬ tion. Under these circumstances, visual inspection of the graphs in this work offers no clue to the existence of any periodicity. The statistical methods (chi-square test) applied to her data are of little value since Doggett reports day-to-day variation of the order to 5 to 50 times, e.g. s 5 X IO6 total sperm¬ atozoa on 1st March and at 250 IO6 total spermatozoa on 2nd March for the rabbit in Fig. 1 of her paper (Doggett, 1956) . She has advanced no suggestion as to what the physiological basis for such a 3-to 4-day periodicity might be.
There would seem to be no evidence to support the idea that the variation in dso is due to periodicity.
It has been shown that, in the dairy bull, the degree of sexual excitation affects both semen specimen volume and sperm number. If the bull is required to make several 'false mounts' before ejaculation, he will produce more sperm¬ atozoa and more seminal plasma per ejaculate. The physiological mechanism underlying this observation has not been explained although the observation has been confirmed (Collines et al., 1951 ; Branton et al., 1952; Hafs & Knisely, 1960) . It may be suggested that the increase in sperm number and seminal plasma volume is due to a more complete emptying of the extra-gonadal sperm reserve, i.e. of the ampullae, vasa deferentia and cauda epididymides, and of the acces¬ sory glands, and that this is probably mediated through an increase in auto¬ nomie nervous activity. Copulation, i.e. the complete sequence of erection, extrusion, intromission, thrust and ejaculation, takes only a very short time (13 to 40 sec) in the bull (Frederick, 1957) . This is due to the presence of the fibro-elastic type of penis which is firm in the non-erect state and which rapidly becomes more rigid upon erection with little change in length or diameter. The time from intromission to ejaculation is only a few seconds in the bull since the copulatory thrust reflex is elicited primarily by the warmth of the vagina and only secondarily by friction between the vagina and penis. However, the integrated process of erection, coition and ejaculation in man is quite different from the process in the bull. Man has the vascular type of penis which is flaccid in the non-erect state and which requires frictional and /or psychic stimulation for erection. Erection is the result of the relatively slow process of filling of the intratrabecular spaces of the corpora cavernosa with blood, and results in a marked increase in penile length and diameter. Although there are no published data available, erection in man must take very much longer that it does in the bull. The time from intromission to ejaculation must be relatively longer in man, as in other animals with the vascular type of penis, since it is the psychic stimuli, the pressure of the vagina, and the friction of coition, rather than the warmth of the vagina, that elicits the ejaculatory reflex. Thus, a rela¬ tively large degree of physical and psychic stimulation, extending over a con¬ siderable period of time, would seem to be normal components of copulation in man in contrast to the bull. In an earlier study (Freund, 1962) Little is known about sperm résorption in the epididymis of the bull and nothing is known about such résorption in man. Therefore, the influence of sperm résorption in the epididymis on the day-to-day variation in sperm output in man must remain a matter for speculation.
It is evident that the day-to-day variation in dso within donors is large and that it must be taken into account in the design of studies to measure the effects of a treatment on dsp. The random day-to-day fluctuations in sperm output are so great that the error ofa single sampling must be very large and, therefore, the confidence limits must be exceedingly wide. Under these circumstances, the examination of a single semen specimen, even after the depletion of the extra-gonadal sperm reserve, can yield only a very general estimate of the mean sperm production by the donor. Certainly, the examination of a single specimen will not result in data which can be used to predict accurately the level of semen production of the donor. Repeated daily specimens, after the depletion of the extra-gonadal sperm reserve, are required in order to arrive at a reasonable estimate of sperm production by the donor.
It is proposed, as a result of this study and of a preceding one (Freund, 1962) , that sperm concentration per specimen (the total number of spermatozoa in the ejaculate), is a more reliable and useful measure of sperm production in man than is sperm concentration per millilitre. Sperm concentration per specimen (total spermatozoa) is independent of specimen volume while sperm concen¬ tration per millilitre is related to, and dependent on, specimen volume in a complex manner.
In previous studies with human semen (Hotchkiss, Brunner & Grenley, 1938; Harvey & Jackson, 1945; MacLeod & Heim, 1945; MacLeod & Hotch¬ kiss, 1946; MacLeod & Gold, 1951) , it was implicit that the seminal plasma, an independent variable, was simply a diluent which mixed with the total number of spermatozoa, a second independent variable, at ejaculation. Therefore (Freund, 1962) that there is a significant positive correlation between sperm concentration per millilitre and specimen volume on a specimens-within-donor basis but not on an among-donors basis, i.e. that the better specimens from the same donor tend to be higher in both sperm concentration per millilitre and in specimen volume. Evi¬ dently, the among-donors effect and the specimens-within-donor effect on sperm concentration per millilitre oppose each other, e.g. there is an association among donors between low sperm count and high specimen volume, while high count and high volume are associated among specimens within donors.
The problem of assessing the value of the sperm concentration per millilitre is further complicated by the fact that at very high frequencies of emission, as in this study, the seminal plasma is replaced at a much faster rate than are the spermatozoa available for ejaculation in the epididymides and vasa deferentia. The result is that the sperm concentration per specimen falls much more rapidly and markedly than does the specimen volume (Table 2 and Freund, 1962,  Table 5 ). Thus the fall in sperm concentration per millilitre does not truly reflect the fall in the total number of spermatozoa ejaculated per specimen and per week at the high frequencies of emission.
Furthermore, it must be kept in mind that the period of replacement of seminal plasma by the accessory glands after ejaculation is somewhat more than 24 hr (Freund, 1962) It is hoped that the data and discussion presented in this and in a preceding paper (Freund, 1962) will serve as a stimulus for an increase in the research activity directed to an understanding of human sperm production. It is sug¬ gested that such activity must be based on measurements of dso after depletion of the extra-gonadal sperm reserve. It is only after such reliable and repeatable measurements are made that studies can be designed to measure specific treatment effects.
